Infectious cutaneous fibropapillomatosis (warts) of cattle may be regarded as a self limiting neoplastic disease27 caused by a virus which can be classified with the Papova groupz. The bovine papilloma virus differs from other papilloma viruses in its capacity to cause proliferation of fibroblasts as well as epithelial cellsll. Some viruses of the Papova group such as SV 40 virus 15 and certain adenoviruses, stimulate fibroblasts only22; others such as the Shope rabbit papilloma virus33, canine oral papilloma viruslo, and oral rabbit papilloma virus29 stimulate principally epithelial cells, and polyoma virus causes neoplasia of a wide variety of cellssz. The fibroblastic and epithelial proliferation produced in cattle by the bovine papilloma virus (BPV) may properly be called a fibropapilloma. BPV will cause only a fibroblastic growth in the horse which is termed equine sarcoid26. The hamster develops a metastasizing fibrosarcoma at the site of exposure to BPV34. Electron micrographs of papillomas of the skin of man19 8~9 9 20 and the rabbitss, and of the oral mucosa of the doglo and the rabbit29 reveal large aggregate virus particles in the nuclei of cells in the outer layers of epithelium. Recently BROBST and HINSMAN~ demonstrated virus-like particles in keratinized epithelial cells in 2 out of 6 cases of bovine fibropapillomatosis and also briefly described some of the ultrastructural changes.
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Infectious cutaneous fibropapillomatosis (warts) of cattle may be regarded as a self limiting neoplastic disease27 caused by a virus which can be classified with the Papova groupz. The bovine papilloma virus differs from other papilloma viruses in its capacity to cause proliferation of fibroblasts as well as epithelial cellsll. Some viruses of the Papova group such as SV 40 virus 15 and certain adenoviruses, stimulate fibroblasts only22; others such as the Shope rabbit papilloma virus33, canine oral papilloma viruslo, and oral rabbit papilloma virus29 stimulate principally epithelial cells, and polyoma virus causes neoplasia of a wide variety of cellssz. The fibroblastic and epithelial proliferation produced in cattle by the bovine papilloma virus (BPV) may properly be called a fibropapilloma. BPV will cause only a fibroblastic growth in the horse which is termed equine sarcoid26. The hamster develops a metastasizing fibrosarcoma at the site of exposure to BPV34. Electron micrographs of papillomas of the skin of man19 8~9 9 20 and the rabbitss, and of the oral mucosa of the doglo and the rabbit29 reveal large aggregate virus particles in the nuclei of cells in the outer layers of epithelium. Recently BROBST and HINSMAN~ demonstrated virus-like particles in keratinized epithelial cells in 2 out of 6 cases of bovine fibropapillomatosis and also briefly described some of the ultrastructural changes.
The present study was done to further elucidate the sequence of changes in ultrastructure of natural and experimentally induced bovine cutaneous fibropapillomatosis in comparison to normal bovine skin. The location of virus-like particles in cells of the fibropapillomas was also examined.
Materials and Methods
Biopsy materials from various growth stages of fibropapilloma were obtained. Five animals about one year old with naturally occurring warts were available. Three had exhibited papillomatosis for approximately 4 to 6 months and the other two had extensive papillomatosis for at least 3 months and 8 months respectively. Eighteen biopsies were made on experimentally produced fibropapillomas of four calves at different intervals of time (46 to 221 days) after inoculation. The fibropapillomas were induced by inoculation of the skin with a 10% suspension of bovine fibropapilloma tissue.
Biopsies of skin from 5 apparently normal cattle (one was a year old, two were 3 months old and two were 3 days old) were obtained for study of normal structure. One half of each biopsy specimen was fixed in 10% buffered forrnalin and prepared for light microscopy after staining with hematoxylin and eosin. A thin (approximately 2 mm) vertical slice from the other half was covered with a fixative of chilled 1% osmium tetroxide containing 0.057 gm sucrose per ml, buffered at p H 7.4 with acetate-veronal. The thin slice was then cut into small blocks approximately 1 x 1 x 2 mm with the long axis perpendicular to the epidermal sxface, and the blocks placed in fresh fixative. The epidermal and dermal parts were fixed separately for 3 or 4 hours at about 4°C. After dehydration through a graded ethanol series, the specimens were embedded in a plastic mixture consisting of Ciba 502 (20 ml) Epon 812 (25 ml) and DDSA (dodecenyl succinic anhydride) (60 d) according to M0LLENHAUER2*. Sections were cut with glass knives using a Porter-Blum ultramicrotome. Thick sections of approximately 1 to 2 p were stained with toluidine blue for light microscopy for orientation of the respective tissue blocks. Thin sections for electron microscopy were picked up on uncoated copper grids, stained with uranyl acetate or Reynolds' lead citrate stain, and examined in a RCA EMU3G electron microscope or a Hitachi HU-11-B-2 type electron microscope.
Results
The results of this study can best be presented by giving a description of the ultrastructure of normal bovine skin followed by the observations on fibropapillomas. Since the experimentally produced fibropapillomas could be categorized into different stages of development and regression, the observations are presented accordingly. The natural cases of papillomatosis were mature fibropapillomas and their description is included with the mature stage of the experimentally produced fibropapilloma.
Normal Bovine Skin
The ultrastructure of the normal bovine skin is similar to that of human skin53 6, 259 36. The layers of bovine epidermis are the stratum germinativum, the stratum spinosum, the stratum granulosum, and the stratum corneum ( Fig. 1) .
The junction between epidermis and dermis consisted of a base-ment membrane next to the dermis and separated from the basal cell membrane by an interspace of low electron density and a rather constant width of about 50 mp (Fig. 8 ). The basement membrane consisted of a continuous, structureless, and slightly electron opaque substance ( Fig. 8 ). Peg-like strands of connective tissue penetrated with the basement membrane into the epidermal area forming an irregular border between epidermis and dermis ( Fig. 7) . The stratum germinativum consisted of a single layer of columnar cells with their long axis perpendicular to the basement membrane. The nuclei were usually oval but sometimes had deep indentations ( Figs. 1 and 7) . There was only a slight condensation of chromatin. Nucleoli appeared as aggregates of electron opaque particles. Mitochondria of variable size and shape were scattered around the nuclei and occasionally clustered at the poles of the nuclei (Fig. 7) . Numerous ribosomes and small vesicles were found throughout the cytoplasm. Anastomosing strands of tonofilaments forming tonofibrils were scattered in the cytoplasm. Bundles of tonofilaments were attached to the inner surface of the desmosomes at a localized electron opaque area. Adjacent cytoplasmic membranes of basal cells appeared as two tortuous parallel lines ( Fig. 7 ). Numerous paired desmosomes were noted between adjacent cells of all layers of the epithelium (Fig. 7) . In high magnification, a trilaminar structure was evident ( Fig. 5 ). At the dermo-epidermal junction, desmosomes appeared only on the cytoplasmic membrane of basal cells and no corresponding structure appeared on the dermal side of the basement membrane ( Fig. 8 ).
The stratum spinosum consisted of two or three layers of cells in young cattle (Fig. 1 ). The nuclei were usually oval with the long axis tending to become parallel to the outer epithelial surface as the cells became more superficial. Tonofibrils (Fig. 4 ) were more numerous than in the stratum germinativum. A relatively small amount of rough surfaced endoplasmic reticulum was present. Small vesicles variable in size and shape and numerous ribosomes were scattered throughout the cytoplasm. The Golgi apparatus was well developed. Sometimes multivesicular bodies were found in the cytoplasm. Desmosomes were numerous and well developed. There were numerous microvillae projecting into the intercellular spaces between the desmosomal regions
The stratum granulosum consisted of one to three layers of cells ( Figs. 1, 3 , and 6). Nuclei tended to be flat and opaque in the upper layer of cells. There were relatively few ribosomes and mitochondria ( Fig. 4) . ' + / ( Fig. 6 ). Multivesicular bodies were present. Numerous small electron opaque granules similar in size were scattered throughout the cytoplasm. Some granules had vacuoles. On the other hand, a small number of electron opaque globules variable in size were found in the cytoplasm. Some globules appeared less electron opaque and were surrounded by a limiting membrane ( Fig. 6 ). In the more superficial cells, the tonofibrils appeared opaque and had a reticular arrangement parallel to the surface of the epidermis (Fig. 3) . Large, electron opaque keratohyaline granules wete usually present. In the upper 1 ayers larger and irregular keratohyaline masses were more intensely stained (Fig. 3) . The intercellular spaces were less conspicuous than in the stratum spinosum ( Fig. 6 ). Sometimes small vesicles were scattered throughout the cytoplasm in the stratum granulosum; irregular patterns of the remnants of Golgi apparatus were also observed. Desmosomes were still preserved. Occasionally transitional cells were noted which were considered as a form intermediate between those of the stratum granulosum and the stratum corneum.
The stratum corneum comprised only a few layers in young cattle ( Figs. 1 and 3) . Keratin fibrils forming a characteristic pattern were associated with an amorphous intercellular matrix. Nuclei, mitochondria, endoplasmic reticulum, Golgi apparatus, tonofibrils, and melanin granules were no longer seen. Desmosomes were still present, but reduced in thickness ( Fig. 3) .
Isolated melanocytes were observed in the deeper part of the epidermis and frequently rested on the basement membrane. They did not The relatively small amount of rough surfaced endoplasmic reticulum is concentrated near the nucleus. x 22,000. Fig. 9 . A portion of a fibrocyte of the dermis and an extremely long and narrow cytoplasmic process (Pc) from another fibrocyte can be noted. Pinocytotic vesicles (arrow) can be noted. x 14,000. possess desmosomes. There was usually a distinct space between the plasma membrane of the melanocyte and that of the surrounding epidermal cells. Melanocytes had no tonofibrils, but there were numerous fine filamentous structures in the cytoplasm. Dendritic processes stretched into the intercellular spaces. Numerous small vesicles were scattered throughout the cytoplasm. The Golgi apparatus was well developed in active melanocytes. Ribosomes were comparatively few in number. Large mitochondria were scattered in the cytoplasm and granules of melanin pigment were found in the endoplasmic reticulum in some but not all melanocytes. Premelanin granules were found in the Golgi vesicles of some melanocytes. The dermis was distinctly separated from the epithelial cells of the epidermis by an amorphous basement membrane ( Fig. 8 ). The connective tissue of the dermis ( Fig. 1 ) was composed mainly of fibrocytes ( Fig. 9 ), fibroblasts, collagen fibrils and an amorphous matrix.
The fibrocytes occasionally had extremely long and finely branched processes ( Fig. 9 ). Nuclei of the fibrocytes were surrounded by a thin layer of cytoplasm. Rough surfaced endoplasmic reticulum was flat and sparse. The Golgi apparatus was well developed. Numerous small vesicles, few mitochondria, and numerous fine fibrillar structures were scattered throughout the cytoplasm. Fibroblasts were rich in cytoplasm and had more endoplasmic reticulum and ribosomes than fibrocytes. Scattered among the fibroblasts and extending in different directions were many collagen fibrils with a characteristic striated pattern. These fibrils formed collagen bundles.
Bovine Cutaneous Fibropapillomatosis
The development of fibropapillomas after experimental inoculation can be divided on the basis of their rate of growth and regression, and histologic structure with light microscopy into the following stages for convenience of description (Tables I and 11 ). These are: stage I and I1 consisting of an acute inflammatory inoculation reaction which merges into a more chronic inflammatory inoculation reaction; stage III-the fibroblastic proliferation phase; stage IV-the initial fibropapilloma; stage V-the mature fibropapilloma; and stage VIregression. The duration of each stage, especially from I11 through VI, varies due to individual host factors. The course of experimental fibropapillomatosis in cattle can range from a few weeks to more than Table I . 
Light Microscopy
Stage 111: The proliferation of fibroblasts had begun to invade and replace the pre-existing collagen bundles and muscular tissues. The cells were usually grouped in irregularly intertwining bundles which formed no organized pattern. The adjacent epidermis showed no changes.
Stage IV: The proliferation of fibroblasts in the dermis had increased and pushed up the overlying epidermis in which moderate hyperkeratosis and acanthosis was evident. There was degeneration of individual and small groups of cells in the outer portions of the stratum granulosum as in normal skin. The cytoplasm of these cells was either vacuolated or homogeneous and acidophilic in appearance.
Stage V: The proliferating epithelium of a mature fibropapilloma formed an irregular surface, varied in thickness and was supported by a fibromatous growth which replaced the normal dermal structures. The principal changes of the epithelial cells are illustrated and described in Figure 2 . The relative number of foci of "pale cells" (Fig. 2) varied in different mature fibropapillomas and also in different parts of the same wart. There was marked hyperkeratosis and moderate parakeratosis. Keratohyaline granules were increased in the stratum granulosum. Acidophilic cytoplasmic inclusions were sometimes seen in cells of the stratum granulosum and stratum spinosum which could be recognized by electron microscopy as masses of fine filamentous material sometimes including degenerating mitochondria.
Stage W : Hyperkeratosis was extensive and parakeratosis particularly evident at this stage. The stratum spinosum was quite thin and contained very few "pale cells". In some areas only a few somewhat flattened epithelial cells existed between the dermis and the hyperkeratotic layers. Degenerative changes such as pycnosis and vacuolization of both nucleus and cytoplasm were seen in the granulosa and spinous layers. The fibroblastic tissue of the dermis became hyalinized with pycnosis of the remaining few nuclei. This process was first evident near the epithelium and progressed downward. In some regressing fibropapillomas actively growing fibromatous tissue existed in the deeper part of the wart and varying degrees of hyalinkation could be seen blending with the marked hyaline change under the epithelium. Necrosis was rare and associated with what appeared secondary bacterial infection with inflammatory changes.
Electron Microscopy
Stage 111: The cytoplasmic processes of the fibroblasts in the dermal area were occasionally extremely long. The nuclei of most of these cells were elongated and the nucleoplasm tended to be homogeneous. Proliferating fibroblasts had numerous small vesicles of variable size and shape, a prominent Golgi area, many electron opaque globules with limiting membrane and extensively dilated cisternae of the endoplasmic reticulum ( Fig. 10 ). Numerous fine fibrillar structures of indefinite length were observed in the extracisternal cytoplasm ( Fig. 10 ). Between the fibroblasts were newly formed collagen fibrils. Microfibrils, somewhat similar in appearance to the intracytoplasmic fine fibrillar structures, but larger, were frequently found extracellularly and close to the cell border of the fibroblasts (Fig. 10) . Only a few electron-opaque particles similar in size to BPV were scattered in the nuclei of some fibroblasts of one case. There was irregular condensation of nuclear chromatin and swollen mitochondria in these degenerating cells.
The epidermal cells were slightly increased in size and acanthosis was not distinct. A reduction of the tonofibrils was noted in some cells of the stratum spinosum (Fig. 14) . The intercellular spaces were slightly dilated. Rarely, a few electron-opaque particles similar in size to BPV were found in nuclei of cells in the stratum spinosum usually associated with condensation of chromatin. Small bundles of tonofilaments in the cells of the stratum granulosum appeared in groups as opaque masses (Fig. 11 ). Vacuole formation (ballooning) was found in the cytoplasm of the stratum spinosum and the stratum granulosum ( Fig. 12 ). Desmosomes were still present but some of them had lost their connection with tonofibrils.
Stage 1V: Expansion of the intercellular spaces was distinct, especially in the stratum spinosum, and microvillae were extending toward adjacent epidermal cells. The tonofibrils began to lose their distinctive morphology in some basal cells and were reduced in number in some cells of the stratum spinosum. In the latter cells nucleoli were enlarged with irregular aggregation and margination of dense chromatin. Frequently a few small electron opaque particles resembling BPV were found in such nucleoli and in association with aggregates of chromatin. In other cells of the stratum spinosum Golgi vesicles were often dilated and prominent. There was expansion of the intercellular spaces in the stratum germinativum and stratum spinosum with stretching of the desmosomes in the latter. Occasional cells had their cytoplasm almost completely replaced with many large, smooth walled vacuoles (Fig. 23 ). Electron opaque globules and focal areas of necrosis (lysis of cytoplasmic elements) were seen in some epithelial cells.
The Golgi apparatus was markedly developed and the rough surfaced endoplasmic reticulum was dilated in the proliferating fibroblasts of the dermis. Some fibroblasts had large nuclei with abnormally aggregated chromatin and a small number of electron opaque particles similar in size to BPV (Fig. 15 ).
Stage V: The slight to moderate changes noted in Stage IV became more marked and severe in Stage V.
The "pale cells" recognized by light microscopy had an extreme reduction in number of tonofibrils (Fig. 16 ). The extent of loss of tonofibrils varied in the degenerating cells. Focal necrobiosis often perinuclear ( Fig. 13 ) was frequently noted in the cytoplasm of cells in the granular and spinous layers. Other cells of these layers were sometimes filled with large irregularly shaped vacuoles (Fig. 23 ). Many small electron opaque globules (Fig. 19) were observed in the stratum granulosum along with frequent large keratohyaline granules. Vacuolar degeneration was noted in parts of the stratum corneum ( Fig. 20) . There was marked dilation of intercellular spaces ( Figs. 16 and 17 ) in the spinous and germinal layers with stretching and the apparent subsequent rupture of the cell membrane adjacent to the desmosome. The desmosomes sometimes appeared to be detached from the cell. The normal attachment of tonofilaments to the desmosomes was usually disrupted. Desmosomes were decreased in number in some parts of the epidermis while in other areas, desmosomes were strikingly increased (Fig. 23 ). In one cell of the lower part of the stratum spinosum, all of the nucleus was occupied by abnormally electron-opaque fine granules and at one place the nuclear membrane had disappeared allowing dispersion of the fine granules into the cytoplasm (Fig. 17 ). In this nucleus, a few electron-opaque particles resembling BPV could be recognized with high magnification. Enlarged nucleoli, condensation and margination of chromatin and irregular identation of nuclear membranes ( Figs. 14 and 22 ) were frequently observed in the cells of the stratum spinosum. In such cells, a small number of scattered electron-opaque particles (Figs. 19 and 22 ) resembling BPV were detected. An increased number of virus-like particles (Fig. 18) was apparent in the nuclei of a few cells in the stratum granulosum as they approached the epidermal surface. These nuclei showed margination, a large area of condensed chromatin and indentation of nuclear membranes. Numerous virus-like particles (approximately 40 mp) of rather uniform size with a clearly outlined halo (Fig. 18) were diffusely scattered throughout the nuclei. The cytoplasm of these cells contained large keratohyaline granules and some areas of degeneration. Lamellar structures of unknown nature were sometimes found in the nuclei.
The fibroblasts in the dermis had many extremely prominent Golgi areas and dilated rough surfaced endoplasmic reticulum The cell in the center of the micrograph, has lost most of its tonofibrils and became a so-called "pale cell". Adjacent cells have intact tonofibrils (T). There is marked dilation of the intercellular spaces (Is) into which a few microvilli (Mv) project. Desmosomes (D) are reduced in number and electron opaque globules (g) increased in the "pale cell''. x 4,500.
( Fig. 21 ). There were many microfibrils ( Fig. 21) around the fibroblasts. Numerous electron opaque globules with limiting membranes (Fig. 21) , vesicles, and multivesicular bodies were also recognized in the cytoplasm of these cells.
Stage VI: Most of the tonofibrils in the epidermal cells were degenerated and reduced in number. Other cytoplasmic degenerative changes were often observed and desmosomes were reduced in number. The nucleoplasm of the fibroblasts in the dermis immediately under the epithelium was homogeneous. The rough surfaced endoplasmic reticulum was reduced in amount and flattened, and the Golgi apparatus was not prominent. These features indicated relative inactivity of the fibroblasts. No virus-like particles were seen in the regressing wart, however only a few preparations were available €or satisfactory study of this point.
Discussion
Light microscopy of bovine warts revealed actively growing epithelial cells along with local areas of distinctly different lighter staining cells in the proliferating epidermis. These are termed "pale cells" and their degree of paleness varied considerably. The significance of these two types of cells in the epithelium is suggested by the results of the electron microscopy. The degree of paleness seems to be associated with loss of cytoplasmic tonofilaments together with other degenerative changes of cytoplasm and nucleus. Scattered electron-opaque particles, the same size (approximately 40 mp) and shape as the bovine papilloma virus23 were seen in nuclei of only those epithelial cells showing evidence of degeneration, i. e., the "pale cells". The number of such virus-like particles was surprisingly small especially in the cells of the stratum spinosum and fibroblasts of the dermis. Particles tended to exist individually and only rarely were seen in small aggregates. When such aggregates were found, they were usually in association with unusual condensation and margination of nuclear chromatin. However, in some cells in the stratum granulosum, numerous virus-like particles were scattered in the nuclei. Nevertheless, the failure to find large aggregates of virus-like particles in the bovine wart is in agreement with the findings of BROBST and H I N S M A N~. This is in marked contrast to the large numbers of viral particles seen in the nuclei of cells infected with other members of the Papova group in which the entire nucleus may be filled with a solid mosaiclike mass of viral particles. This has been observed in human warts 1, 8, 9, in rabbit cutaneous papillomatosis33, rabbit oral papillomatosis29, and canine oral papillomatosislo in which viral particles are first found adjacent to nucleoli of some cells in the stratum spinosum then increase in number to fill the nucleus in the upper layers. Tumors induced by polyoma virus are reported to contain relatively few viral particles12> 13 14 except for a few days immediately after inoculation21 whereas infected tissue culture cells usually contain large quantities of viral particles in the nuclei32 12, 21. A large amount of intranuclear virus A few tonofibrils are still connected to the desmosomes (D). There is moderate and localized enlargement of the intercellular space (Is). Mature naturally occurring fibropapilloma. x 14,000. Fig. 23 . An area of the stratum spinosum of a natural fibropapilloma showing a large number of desmosomes (D) in an expanded intercellular space (Is). Irregularly shaped vacuoles (V) and mitochondria (M) are seen in the cytoplasm of one cell. Such extreme vacuolization was not commonly seen in fibropapillomas. x 8,200. also develops in tissue cultures infected with SV40 virusl6. Although generally only a few viral particles could be recognized in bovine wart tissue, homogenates of such tissue can occasionally be diluted one million times and still retain infective capacity28. Staining of bovine wart tissue with fluorescein labelled antibodies indicates that an antigen is concentrated in the outer epithelial cells30. The presence of this antigen could be correlated with infectivity of the wart tissue31. It was logical to anticipate that larger numbers of viral particles would have been found in the granulosa cells and the failure to do so leads one to suspect that there may be infective non-particulate material existing in the papilloma. *
The process of virus multiplication in the bovine wart is similar to that in the Shope rabbit papilloma33, the human wartl. 8, 9, rabbit oral papilloma29 and canine oral papillomalo except for the existence of virus-like particles in fibroblasts of dermis, lack of basophilic intranuclear inclusions and the small quantity of viral particles. In the bovine wart, virus-like particles first appeared within the nuclei of dermal fibroblasts in association with the condensation of chromatin. Next, virus-like particles were found in the nuclei of the epidermal cells of the stratum spinosum. Later, virus-like particles may increase in the nuclei of the epithelial cells of the stratum granulosum. In the human wart19 8 3 9, Shope rabbit papilloma33, rabbit oral papilloma29, and canine oral papilloma, virus particles may later fill the nuclei in the keratogenic zone and spread into the cytoplasm. Subsequently there is degeneration of all cell components leaving only aggregates of virus particles in the stratum corneum. The basophilic intranuclear inclusions described in papillomas of man8 and doglo and associated with virus-like particles, are not observed in the bovine wart. In our cases, we could not be certain of virus-particles outside of the nucleus as clearly illustrated by BROBST and H I N~M A N~.
The abnormal condensation and margination of nuclear chromatin in the epidermal cells and the fibroblasts suggests an altered nuclear metabolism due to the virus-host interaction. These changes are regarded as a degenerative process which might have some relation with BPV production. Such nuclear changes have been found in human warts11 8, 9, Shope rabbit papilloma33, rabbit oral papilloma29, and canine oral papillomalo. In addition, a lamellar structure of unknown increase of electron-opaque globules. The latter were regarded as damaged mitochondria, because some globules had structural remnants of mitochondria. These cytoplasmic degenerative changes are not characteristic for papillomatosis alone, because similar changes have been described in psoriasis vulgaris7 and delayed hypersensitivity in guinea pigs35. Possibly these changes represent alterations in response to infection of BPV. BROBST and HINSMAN~ emphasized the presence of cytoplasmic vacuolization and focal cytoplasmic degeneration in the epidermal cells infected with BPV. Many cells showed these nuclear and cytoplasmic degenerative changes but contained no detectable virus-like particles. Perhaps such virus-like particles were not located in the plane of the section or so few existed that they could not be identified in the comparative low magnification used. Another possibility is that they exist in a more diffuse form as viral nucleic acid at this stage of infection.
Although most of the desmosomes were usually intact, they were reduced in number in some parts and some showed injury as the result of dilatation of intercellular spaces. GAY LORD^^ reported a failure to form intercellular bridges in affected cells as they move higher in the malpighian layer of human warts. Desmosomes were occasionally abnormally increased in some parts of bovine warts as noted by CHAPMAN et al.8 and CHARLES^ in human warts. CHAPMAN et al. 8 pointed out that the presence of infected cells in the more superficial layers may stimulate the deeper cells to form a greater number of desmosomes than normal.
The electron micrographs gave no evidence of the role of virus in active proliferation. No virus-like particles were seen in the actively proliferating epithelial cells or fibroblasts. If viral material existed in the proliferating cells, it must have been in an extremely small amount or in a form which could not be recognized by electron microscopy. The actively proliferating epithelial cells in all layers of the epidermis were larger than normal with moderate hyperplasia of the Golgi apparatus, and well developed tonofibrils. Apparently, these cells were stimulated by BPV, without showing degenerative change or evidence of viral multiplication. Similar circumstances appeared to exist in the fibromatous dermis in which no viral particles were seen in the actively proliferating fibroblasts. Since the fibroplasia of the dermis precedes visible changes in the epidermis, it is tempting to speculate that the initial point of attack of BPV is the fibroblast which is stimulated to growth. The hyperplastic epithelial cells are the next to show the effect of BPV.
Sammar_y
The fine structure of 5 naturally occurring and 4 experimentally produced cases of bovine cutaneous fibropapillomatosis was compared to that of normal bovine skin with both light and electron microscopy.
Both degenerative and proliferative changes were found in the affected epithelial cells and fibroblasts. Virus-like particles (approximately 40 mp) were first seen in the nuclei of degenerating fibroblasts and later in the epithelium. The number of virus-like particles was always small and they were associated with aggregates of chromatin. They were most numerous in the stratum granulosum. The degenerative changes were aggregation and margination of chromatin in the nucleus. In addition, epithelial cells had cytoplasmic vacuolization, loss of tonofibrils, focal necrobiosis, increased electron opaque globules and dilatation of intercellular spaces with changes of desmosomes. When these changes were marked the cells could be recognized as "pale cells" by light microscopy and usually occurred in groups. Viral multiplication appeared confined to these degenerating cells and no viral particles could be found in the proliferating cells. The proliferating epithelial cells were increased in size.
These changes were progressive in the developing fibropapilloma and could be categorized into stages of fibroplasia, immature fibropapilloma, mature fibropapilloma and regression.
Zasammenfassang
Die Feinstruktur von 5 natiirlich vorkommenden und 5 experimentell erzeugten F d e n von kutaner Fibropapillomatose des Rindes wurde mit der normalen Rinderhaut licht-und elektronmikroskopisch verglichen.
In den betroffenen Epithelzellen und Fibroblasten fanden sich degenerative und proliferative Veranderungen. Virusartige Partikel (ca. 40 mp) wurden zuerst in den Kernen der degenerierenden Fibroblasten und spater im Epithel beobachtet. Die Anzahl der virus-artigen Partikel war immer klein und mit Chromatinaggregaten verbunden. Am zahlreichsten waren sie im Stratum granulosum. Die degenerativen Veranderungen bestanden in Chromatinanhaufung und Kernwandhyperchromatose. Weiterhin zeigten die Epithelzellen zytoplasmatische Vakuolisierung, Verlust von Tonofibrillen, fokale Nekrobiose, vermehrt elektronenoptischundurchsichtige Globuli und Dilatation der Interzellularraume rnit Schadigung der Desmosomen. Wenn diese Veranderungen stark ausgepragt waren, erschienen die Zellen lichtmikroskopisch als ccblasse Zellen)), und gewohnlich in Gruppen. Die Virusvermehng schien sich auf diese degenerierenden Zellen zu beschranken, denn es wurden keine Viruspartikel in den proliferierenden Zellen gefunden. Die proliferierenden Epithelzellen waren vergrossert.
Diese bei der Entstehung von Fibropapillomen beobachteten Veranderungen waren progressiv und liessen sich in die Stadien der Fibroplasie, des unreifen Fibropapilloms, des reifen Fibropapilloms und der Regression einteilen.
